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STABILIZATION OF OIL SHa l E
WASTE PILES

Stephen Utter
Bureau of Mines, U.S. Department of the Interior
Denver, Colorado
Abstract

An oil shale industry will produce tremendous amounts of solid
waste that must be disposed of by methods that are both environ
mentally safe and economically sound. A program of laboratory
and field tests was conducted to determine the physical and chem
ical properties of retorted oil shale waste— information needed
for designing commercial-scale waste disposal systems.

tions.

INTRODUCTION

It is estimated that a full scale, commercial,

50,000 barrels of oil per day mine-surface retort

Shale oil, produced from domestic oil shales, is one

plant will generate over 1.9 million cubic feet of

of the most promising synthetic fuels in our energy

solid waste per day.

future.

Transport, disposal and recla

mation of this material present major environmental
Oil shales in this country occur in several differ

and economic problems.

ent geologic formations of varying age and economic
potential.

This paper describes a program of laboratory and

The most important, from the standpoint

field tests sponsored by the Bureau to determine the

of oil yield, are those contained in the Green River
Formation of Eocene Age.

physical and chemical properties of retorted oil

Some 16,500 sq. mi. of

shale waste called 'spent shale', —

this Formation in Colorado, Utah and Wyoming contain

needed for designing commercial-scale waste disposal

an estimated 600 billion barrels of oil in the high
er grade shale beds.

plans.

This amount is about equiva

lent to the world's proven petroleum reserves of 640
billion barrels (1976).

information

POTENTIAL ENVIRONMENTAL IMPACTS

Figure 1 shows the extent

Because the volume of spent shale exceeds the original

of the oil shale deposit in the three-state area.

volume of raw shale, all of the shale waste cannot

Oil shale presents two challenging questions that

be backfilled into the mined Out voids.

must be answered before its promise can be realized,

disposal plans propose surface disposal of all or

Most waste

(1) are the economics attractive enough to warrant

part of the material in canyon or valley sites or on

investment?, and (2) can an oil shale industry de

plateau areas as the topography dictates.

These plans

are designed to create stable, contoured, waste piles

velop in harmony with the natural environment?

with adequate vegetative cover and protected from

Although the economic picture seems better with each

surface runoff and leaching of salts into the water

increase in energy costs, long-term, full-scale

system.

testing is needed before the first question can be

Well compacted spent shale with high strength proper

fully answered.

ties is needed for disposal in the deep canyons and

A major environmental question is the safe disposal

valleys of the oil shale country.

of the tremendous amounts of solid waste that will

With suitable

foundations, high stable cross-valley dams could be

be produced by the mining processing operations.

constructed with steep slopes and few berms. Typical

This material may disturb the ecology of the surface

terrain for such a site is shown in Figure 2.

environment unless it is properly managed.

A

proposed plateau disposal site is illustrated in
More than 95 percent of the solid wastes consist of

Figure 3.

unprocessed shale fines from crushing and screening
The large volumes of waste which make up the disposal

operations and fugitive dust control and the pro

pile can cause safety and pollution problems if the

cessed or 'spent shale' from the retorting opera
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pile is not stable, and slides or slumps occur.

De

Standard ASTM and USBR tests included material class

sign factors to consider include (1) slope stability

ification, compaction, Permeability and consolida

under gravity, seepage and earthquake loading (2)

tion, compressive strength, shear strength, stress

effects on existing surface and ground water con

deformation, plasticity of soils, Los Angeles Abra

ditions, (3) erosion, (4) leaching, and (5) deteri

sion, California Bearing Ratio, leaching, erosion,

oration of structural properties with time.

auto ignition, dusting and chemical analysis.

WASTE DISPOSAL RESEARCH

Field tests consisted of the compaction of about
14,000 cu. yd

Some retorting methods leave a carbonaceous residue

construction methods.

on the spent shale while others b u m most of the car
bon as part of the retorting process.

of the spent shale when highly compacted and when

these differences, the research program was planned

shale and carbonaceous shale.

Two large field infiltration

ponds were constructed to determine the permeability

Because of

to test two general types of spent shale:

of freshly-retorted shale by various

lightly compacted.

burned

Burned shale, pro

The field compaction test site was about 400 ft. by

duced by the Paraho Direct Mode process, contained

180 ft. in plan and about 10 ft. thick when com

an organic carbon content of 2 to 3 percent and ex

pleted as shown in Figure 6.

hibited cement-like properties.

trucked to the site, dumped on the fill, and spread

Carbonaceous shale,

produced by the Paraho Indirect Mode process and by

Hot spent shale was

as soon as possible with a grader.

the TOSCO II process contained about 5 percent car

In one-half of the site, the shale was placed dry

bon .

without added moisture.
Paraho Retort

Optimum moisture for com

pressive strength was added to the shale placed in
the other half of the site.

The Process

Sections were divided

into panels for the various compaction tests.
The Paraho semi-works retort, shown in Figure 4,

was spread in layers 8 in. to 12 in. thick and com

consists of a vertical cylindrical vessel 8’$ ft. in
diameter and 100 ft. high.
nus 3 in. plus

h

pacted with a heavy sheepsfoot roller, a heavy rub

In the Direct Made, mi

ber-tired roller, a medium heavy vibratory pad-type

in. raw shale, fed from the top,

roller, a heavy smooth-drum roller, and a tractor.

travels down by gravity through four zones: pre

Some of the field construction equipment is shown

heating, retorting, combustion, and retorted shale
cooling.

Shale

in Figure 7.

Oil vapors from the retorting zone flow up
Test results

through the preheating zone and are recovered in
mist separators.

Spent shale is discharged from

the bottom of the retort.

Both Direct and Indirect Mode spent shale was

When operated in the

classified as a non-plastic gravel-sand-silt mix

Indirect Mode, no combustion occurs in the retort,

ture.

Specific gravity of the particles averaged

and hot gases, heated externally, flow upward

2.60.

Normal laboratory and field construction

through the retorting zone.

methods compacted the material to about 90 to 100

Spent shale, freshly discharged from the retort is

lb./ft.

shown in Figure 5.

cantly improve density.

Exit temperatures of the mater

density.

Added moisture did not signifi
Material with a permeabil

ity rate of about 1 ft./yr. or less was produced

ial ranged from 350° to 400°F.

with heavy compaction effort.
Laboratory and Field Tests

This is considered

suitable for impervious earth dam and earth lining

Laboratory and field tests were conducted on shale

construction.

from both the Direct and Indirect Mode Processes to

were similar to those for silty-gravel soils

determine the physical and engineering properties.

although particle breakdown occurred.

(D1

tion ranged from about 1 percent to 4 percent for

Load-consolidation characteristics

Consolida

the high to low compaction densities when loaded

^Underlined numbers in parenthesis refer to the list of refer
ences at the end of this report.
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Maximum compressive strengths of about 100 psi were

to 200 psi, which is equivalent to 300 ft. of fill.

obtained with high compactive effort and a curing

Cohesion and compressive strength varied with retort
ing method, compaction and curing conditions.

period of 28 days.

Maxi

crease of over 40 percent by natural cementing action.

mum strengths of about 200 psi were obtained with

The angle of internal friction ranged from 18° to 25°

Direct Mode shale when it was highly compacted and
cured.

for respective increasing compactive efforts.

Curing increased compressive strength by a

natural cementing action.

This represented a strength in

Perme

ability values of 10 6 and 10 ^ cm/sec were determin

The angle of internal

ed.

friction ranged from 30° for Indirect Mode material
to about 35° for Direct Mode.

CONCLUSIONS

Standard leaches showed a total dissolved solid in

The results of these studies show that the type of

the order of 1.4 percent by weight.

spent shale tested can be disposed of safely and with

Principal com

ponents were potassium chloride, sodium sulphate,

minimal environmental effects.

calcium sulphate and calcium carbonate.

impermeable waste piles can be designed and construct
ed.

Dusting and auto-ignition did not present a problem.

Stable and relatively

These dams or fills should be constructed on

suitable foundations, contoured and revegetated, and
TOSCO II Retort

protected from erosion or the leaching of chemicals

The Process

into the ground or surface waters.

the piles must be properly handled and compacted for

In the TOSCO II process minus one-half in shale (in

maximum strength and minimum permeability.

cluding the fines) is preheated by hot flue gases
and then fed to a horizontal, rotating retort,
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DISTRIBUTION OF OIL SHALE IN
THE GREEN RIVER FORMATION

FIGURE 1 - LOCATION OF THE GREEN RIVER FORMATION
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FIGURE 2 - TYPICAL CANYON DISPOSAL SITE
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FIGURE 5 - SPENT SHALE

FIGURE 6 - FIELD COMPACTION SITE
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FIGURE 3 - TYPICAL PLATEAU DISPOSAL AREA

FIGURE 4 - THE PARAHO SEMI-WORKS RETORT
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FIGURE 7 - FIELD CONSTRUCTION EQUIPMENT
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